T has phenetically diverged from its closest relatives. On the basis of morphological, chemotaxonomic and genotypic data, S31
T showed marked distinctions from its closest relatives of the family Staphylococcaceae and is proposed to represent a novel genus Auricoccus with Auricoccus indicus as type species of the genus. S31 T (CCUG 69858  T =KCTC 33611  T =MCC 3027  T ) is the type strain of the species.
Human skin is considered to be the largest human organ and is colonised by a diverse group of microorganisms. Study of the skin microbiome is of current interest to immunologists, dermatologists and microbiologists due to the important role of the skin microbiota in protection from skin infection and in host immunity [1] . The nature of the human skin microbiome and its diversity depends on several factors, including host immunity, age, host health, topographical location and external environmental factors [1, 2] . Most of the microbes associated with human skin are harmless and play important roles in host immunity, protection from skin infection, invasion and colonisation of pathogens on the human skin [3, 4] . In the current study, we have isolated a novel bacterium; strain S31 T , from the skin of a human external ear lobe. The results of a sequence similarity search using the 16S rRNA gene sequence indicated that S31
T is closely related to Macrococcus brunensis CCUG 47200
T isolated from the skin of a llama [5] . Sequence similarity of S31 T with Macrococcus brunensis CCUG 47200 T , isolated from animal skin, indicated that our strain is part of the natural flora of skin and not a contaminant from the isolation procedure. In addition, despite high sequence similarity with members of the genus Macrococcus,
S31
T also showed phylogenetic closeness with members of the genera Aliicoccus, Jeotgalicoccus, Nosocomiicoccus and Salinicoccus of the family Staphylococcaceae. Using a polyphasic approach [6] , in the current study we have demonstrated that S31 T is distinct from existing genera of the family Staphylococcaceae and propose that it represents a member of the novel genus Auricoccus within the family Staphylococcaceae.
For isolation of skin microbiota, consent from human subjects and permission of the Institutional Ethical Committee of the CSIR-Institute of Genomics and Integrative Biology, Council of Scientific and Industrial Research (CSIR), New Delhi 110020, India was taken before the sampling. Skin samples from healthy human subjects were collected using sterile swabs saturated with normal saline and transported to the laboratory aseptically on ice for cultivation of skin microbiota. Bacterial cells adhered to the swab were suspended in normal saline and spread on Luria Bertani (LB) agar plates. Plates were incubated at 37 C and examined for colony growth. After 72 h of incubation, morphologically different colonies were picked and purified by several restreakings on solid medium agar plates. Purified samples were preserved in a deep freezer (À80 C) with 10 % glycerol (v/v) as well as in the vapour phase of liquid nitrogen as discussed in Prakash et al. [7] .
On the basis of its atypical morphology and growth pattern in comparison with other isolates, S31
T was selected for taxonomic characterization. Total genomic DNA from culture was extracted using a MoBio soil DNA extraction Kit (MO BIO Laboratories) as described by Prakash et al. [8] . Isolated DNA was subjected to PCR amplification using the bacterial universal primers for the 16S rRNA gene. Amplified product was PEG purified and subjected to Sanger sequencing using Big Dye terminator chemistry and an ABI 3700 sequencer (ABI Prism). Contigs from generated reads were curated and manually edited in ChromasPro by consulting electropherograms. An almost complete stretch of 1507 bp was generated during this study. Sequence similarity search was conducted using the EzTaxon database [9] . For phylogenetic analysis, the 30 most closely related 16S rRNA gene sequences were retrieved from the EzTaxon database. The sequence of Labrenzia aggregata IAM 12614 T was selected as the outgroup. All the selected sequences were aligned using CLUSTAL_X [10] and phylogenetic analysis was conducted by neighbour-joining (NJ), minimumevolution (ME) and maximum likelihood (ML) methods in MEGA v.7.0 [11] using the Kimura two-parameter model, and the gaps were treated using a partial deletion method. ML analysis was carried out using nearest-neighbour-interchange heuristic search method. Authenticity of the generated trees was tested using 1000 bootstrap sampling [12] . Phylogenetic study using other genera of family Staphylococcaceae revealed that S31
T is phylogenetically closely related to Aliicoccus persicus, Jeotgalicoccus pinnipedialis, Nosocomiicoccus ampullae and Salinicoccus roseus (Figs 1, S1 and S2, available in the online Supplementary Material). Therefore, to delineate S31 T from members of other genera, a comparative study has been conducted using type species of the phylogenetically related genera of the family Staphylococcaceae (Tables 1 and 2 ) under similar or comparative laboratory conditions as suggested in Tindall et al. [13] .
To determine the optimum medium for growth, S31
T and the type strains of closely related species were streaked on Luria agar (LA), nutrient agar (NA), tryptic soy agar (TSA), Zobell marine agar (ZMA) and R2A agar and growth patterns were observed for 72 h. All the morphological, biochemical and physiological studies were conducted as described previously [8, 14] . In brief, Gram-staining and spore-staining were performed using a kit from HiMedia. Tests for motility, DNase, protease, amylase and gelatinase were conducted as discussed by Smibert and Krieg [15] . Range and optima of growth with different ranges of NaCl, pH and temperature were studied as described by Prakash et al. [14] but on ZMA. Extracellular enzyme production and assimilation of certain carbon sources was studied using API ZYM and API 20NE kits from Bio-M erieux. For scanning electron micrography actively growing cells were harvested, washed with phosphate buffered saline and fixed in 0.25 % glutaraldehyde for overnight. After fixation, cells were washed again and dehydrated using a series of increasing concentration of ethanol (10-100 %) and finally stored in 100 % ethanol for 1 h. Dehydrated cells were subjected to lyophilisation, then coated on adhesive tape and sputtered with platinum. Susceptibility and resistance to different classes of antibiotics including amikacin (30 µg), cotrimoxazole (25 µg), netillin (30 µg), norfloxacin (10 µg), ceftriaxone (10 µg), ciprofloxacin (5 µg), cefotaxime (30 µg), gentamicin (10 µg), furazolidone (50 µg), amoxicillin (10 µg), colistin (10 µg) and augmentin (30 µg) was tested on ZMA using the Kirby-Bauer disc diffusion method using a Dodeca Universal-II (DE007) kit (HiMedia). The growth of the organisms was tested with 0-22 % NaCl at 1 % intervals in triplicates at 35
C and for temperatures between 20 and 40 C with an increment of 5 C. Test tubes were inoculated with 1 % active inoculum at OD 600 of 0.5 and incubated for 72 h. OD 600 was measured every 24 h.
Fatty acid methyl ester (FAME) analysis was conducted as described in [8, 14] using the method of Sasser [16] . All the strains were cultivated on ZMA medium plates and harvested after 48 h. Methylation and saponification was conducted using the methods of Sasser [16] . Separation was achieved using a gas chromatograph equipped with a flame ionization detector (FID, Agilent Technologies) and comparison was done using the database of MIDI Version 6.0 (MIDI). Data for peptidoglycans was obtained from the DSMZ. Isolation and study of peptidoglycans was conducted using the protocol described by Schumann [17] . An estimate of molar ratio of amino acids in peptidoglycan hydrolysate was obtained using gas chromatography/mass spectrometry (320 MS Singlequad, VARIAN). For DNA G+C content analysis, DNA was extracted as described by Marmur [18] with additional RNase treatment and suspended in 0.1ÂSSC. Thermal denaturation was performed with 5 µg of DNA in each well along with fluorescent dye SYBR-Green-I (Invitrogen) at a final dilution of 1 : 10 0000. Thermal conditions, comprising a ramp from 25 C to 100 C at 1 C min
À1
, were achieved by using StepOnePlus Real-Time PCR system (Applied Biosystems). Fluorescence readings were obtained at each step during the ramp. Tm-based DNA G+C analysis by a fluorimetric method was done in triplicates as described by Gonzalez and Saiz-Jimenez [19] .
Result of the sequence similarity search indicated that S31 T showed maximum sequence similarity (92.8 %, AY119686) with Macrococcus brunensis CCUG 47200 T followed by Macrococcus caseolyticus DSM 20597 T (92.7 %, AP009484) with 100 % query coverage based on the 1507 bp sequence. Sequence similarity with other members of the genus Macrococcus was lower than above values. Trees reconstructed using three different methods gave similar tree topologies (Figs 1, S1 and S2 Differential phenotypic and chemotaxonomic features of S31
T from type strains of type species of the phylogenetically closely related genera of the family Staphylococcaceae are presented in Table 1 . The results of physiological and morphological analysis indicated that S31
T showed maximum growth on ZMA agar followed by TSA, LA, NA and R2A. It showed positive growth with 1-20 % NaCl with optima at 2 % and formed 0.5 mm cream coloured, round, convex and non-mucilaginous colonies on ZMA agar after 72 h of incubation. Cells are spherical in shape as determined during Fig. 1 . Phylogenetic position of Auricoccus indicus gen. nov., sp. nov. The evolutionary history was inferred using the neighbor-joining method. The optimal tree with the sum of branch length=0.57687901 is shown. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The evolutionary distances were computed using the Kimura two-parameter method and are in units of the number of base substitutions per site. The analysis involved 27 nucleotide sequences. All positions with less than 95 % site coverage were eliminated. There were a total of 1386 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
SEM-imaging (Fig. 2) . Unlike M. brunensis, Macrococcus equipercicus and M. bovicus it showed resistance to augmentin and grew with up to 20 % salt. Detailed descriptions of the features of S31 T are presented in the Table 2 and the species description.
Results of fatty acid methyl ester analysis are presented in Table 3 . Data indicated that S31
T contains anteiso-C 15 : 0 as the predominant fatty acid (56.4 %) followed by iso-C 16 : 0 (11.7 %), anteiso-C 17 : 0 (8.4 %) and iso-C 14 : 0 (4.8 %). Other fatty acids detected in the profile of S31 T are C 14 : 0 (0.7 %), C 16 : 0 (2.5 %), C 18 : 0 (1.4 %), C 20 : 0 (2.2 %), iso-C 15 : 0 (2.3 %), iso-C 17 : 0 (1.1 %) iso-C 18 : 0 (2.6 %), iso-C 19: 0 (0.4 %), iso-C 20 : 0 (1.5 %) and anteiso-C 19 : 0 (2.5 %). All other fatty acids were detected in minor amounts. Comparative analysis of qualitative and quantitative data for FAMEs with other closely related members of the genera Macrococcus, Aliicoccus, Jeotgalicoccus, Salinicoccus and Nosocomiicoccus generated under a similar set of conditions indicated that S31
T differs on the basis of FAME profile from members of the other genera of the family Staphylococcaceae.
One-and two-dimensional thin layer chromatography of total hydrolysate of peptidoglycan indicated the presence of lysine, alanine, glycine and glutamic acid. The approximate ratio of amino acids was 2.3 Ala : 2.9 Gly : 1.0 Glu : 0.8 Lys while serine and threonine was detected in trace amounts. In addition, two unknown amino acids were also detected. Chiral analysis by hydrolysis under stronger conditions (6 M HCl, 16 h, 120 C) revealed the presence of D-alanine, L-alanine, D-glutamic acid, L-lysine and glycine. The peptides L-Lys-D-Ala, Gly-L-Lys-D-Ala, L-Ala-D-Ala, Ala-Gly and Ala-Gly-Gly were detected by two dimensional thin layer chromatography (2D-TLC). Dinitrophenylation revealed that alanine (higher amount) and glycine represented the N-terminus of the inter-peptide bridge. On the basis of the above results A3a L-Lys-Gly 3 -L-Ala type peptidoglycan was concluded to be present in S31
T . The DNA G+C content analysis indicated that S31
T has a DNA G+C content of 34 mol% .
Results of phylogenetic analysis indicated that despite having the highest (92.8 %) sequence similarity with Macrococcus brunensis, S31
T also showed phylogenetic closeness with other genera like Aliicoccus, Jeotgalicoccus, Nosocomiicoccus and Salinicoccus. Comparative study of morphological, physiological, genetic and chemotaxonomic data using type species of different genera as well as phylogenetically close relatives indicates that colony morphology, growth pattern and physiological features of S31
T differ significantly from those of its closest relatives (Tables 1 and 2 ). The strain showed low 16S rRNA gene sequence similarity and differences in cell wall structure and NaCl tolerance capacity (Tables 1 and 2 ) in comparison with other members of the family Staphylococcaceae. In addition, it showed good amount of variations in fatty acid methyl ester pattern from other closely related genera of the family Peptidoglycan type Staphylococcaceae. Thus, based on these features, we found that S31 T differed from previously described genera of family Staphylococcaceae and is proposed to represent a member of Auricoccus gen. nov., isolated from skin of human external ear with Auricoccus indicus as type species and strain S31
T as type strain of the species.
DESCRIPTION OF AURICOCCUS GEN. NOV.
Auricoccus (Au.ri.coc¢cus. L. fem. n. auris ear; N.L. masc. n. coccus (from Gr. masc. n. kokkos grain, seed); N.L. masc. n. Auricoccus a coccus from the ear).
Cells are Gram-stain-positive, non-motile, non-spore-forming, strictly aerobic, cocci and show positive reactions for catalase and oxidase. It forms smooth, round, convex, cream-coloured 0.5 mm colonies on ZMA agar after 72 h of incubation at 37 C. Cells are nitrate-reductase-positive but give negative reaction for urease, protease, gelatinase and amylase. It grows at temperatures between 20 and 40 C with optima at 35 C. Cells grow at 1-20 % NaCl concentrations and pH 5-10 with optima at 2 % NaCl and pH 7.0 respectively. Presence of iso-C 16 : 0 and iso-C 18 : 0 in S31 T are the distinguishing feature from the members of the genus Macrococcus. DNA G+C content is 34 mol% and peptidoglycan type is A3a.
DESCRIPTION OF AURICOCCUS INDICUS SP. NOV.
Auricoccus indicus: (in¢di.cus. L. masc. adj. indicus pertaining to India the geographical location of sample).
In addition to generic features described above, the species has the following features. It grows aerobically on TSA, LA, NA and R2A agar. It shows positive reactions for oxidase, catalase and nitrate reductase. It produces weak acid from sucrose and dextrose and secretes alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase, a-mannosidase, a-fucosidase. The fatty acid methyl ester profile contains anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and iso-C 14 : 0 , as major fatty acids. All other fatty acids were detected in less than 5 % quantities. Peptidoglycan is A3a type with L-Lys-Gly 3 -L-Ala peptide. Sensitive to amikacin, co-trimoxazole, netillin, norfloxacin, ceftriaxone, ciprofloxacin, cefotaxime, gentamicin, furazolidone and amoxicillin but shows resistance to colistin and augmentin after 48 h of incubation.
The type strain S31 T (CCUG 69858 T =KCTC 33611 T =MCC 3027 T ), was isolated from human skin of the ear lobe of a healthy Indian subject. The DNA G+C content is 34 mol%. . DNA G+C mol% and FAME data was generated using internal services of Microbial Culture Collection of National Centre for Cell Science, Pune, India.
Conflicts of interest
The authors declare that there are no conflicts of interest.
Ethical statement
The Ethical Committee of the CSIR-Institute of Genomics and Integrative Biology has approved the work and the subjects gave informed consent for the work. iso-C 17 : 0 3-OH ---1.5 1.0 -*Data generated during this study using Sherlock MIDI protocol and TSBA database V.6. †Data for strains 3, and 6 were taken from Amoozegar et al. [21] , and Alves et al. [24] , respectively and data for strains 4 and 5 were taken from Yoon et al. [22] .
